The volatile oil, obtained by hydro-distillation from Fusarium tricinctum, the endophytic fungus isolated from Paris polyphylla var. yunnanensis, was analyzed by gas chromatography-mass spectrometry (GC-MS). 2, 3, 3a, 4, 8, .0] nonane (12.0%), and 2,6-dimethyl-6-(4-methyl-3-pentenyl) bicyclo [3.1.1] hept-2-ene (4.5%) were the major compounds of the 15 identified components accounting for 95.4% of the volatile oil. The antimicrobial activity of the volatile oil was assayed against eight bacteria and two fungi. The minimum inhibitory concentration (MIC) values of the volatile oil against the test bacteria ranged from 25 to 45 μg/mL. The MIC values against the fungi Candida albicans and Magnaporthe oryzae were 100 and 225 μg/mL, respectively. The mean inhibitory concentration (IC 50 ) values of the volatile oil against the test bacteria ranged from 17.8 to 31.6 μg/mL, and those of the volatile oil against C. albicans and M. oryzae were 84.3 and 204.3 μg/mL, respectively.
Microorganisms, in particular fungi, are a promising source of novel metabolites with pronounced antimicrobial activity [1] [2] [3] . In the last decade, scientists have increased their interest in endophytic fungi as potential producers of novel and biologically active substances for application in agriculture, medicine and food industry [4, 5] . Many new valuable antimicrobial constituents or lead structures have been found from endophytic fungi [6, 7] . Recently, attention has been drawn to the volatile compounds (mainly hydrocarbons, lipids, alcohols, aldehydes, esters, ketones, phenols and terpenoids) produced by endophytic fungi with antimicrobial, insecticidal and antioxidant activities, as these compounds could be used as antibiotics with low-toxic and biodegradable properties, especially either in controlling plant diseases or in fruit and vegetable preservation [8] [9] [10] [11] [12] [13] [14] . They could be alternatives of some synthetic antimicrobials in order to avoid the abuse and side-effects of synthetic chemicals, and to decrease drugresistant microorganisms [1, 6, 15] .
Paris polyphylla var. yunnanensis (Franch) Hand (Trilliaceae), a perennial herb mostly distributed in the Provinces of Yunnan, Sichuan and Guizhou, southwest China, is an important and traditional Chinese medicinal plant for treatment of injuries from falls, fractures, contusions and strains [16] [17] [18] . Our previous studies showed that there was a broad diversity of endophytic fungi exhibited in P. polyphylla var. yunnanensis [19] , and some of these, on testing, were shown to have strong antimicrobial activity [14, 20, 21] . The aim of the present study was to determine the components of the volatile oil from the endophytic fungus Fusarium tricinctum (isolate Ppf30) from P. polyphylla var. yunnanensis, as well as to evaluate its antimicrobial activity for its further potential application.
By hydro-distillation, the volatile oil yield of F. tricinctum was 0.16% (g/g fresh weight). The chemical composition of the volatile oil was determined by GC-MS (Table 1) . Fifteen compounds were identified in the oil. Of them, the main components were trans- 1,2,3,3a,4, The antimicrobial activity of the volatile oil is presented in Table 2 . It was active against all the test bacteria with MIC values between 25 and 45 μg/mL. The MIC values against the fungi C. albicans and M. oryzae were 100 μg/mL and 225 μg/mL, respectively. The IC 50 values of the volatile oil against the test bacteria ranged from 17.8 μg/mL to 31.6 μg/ mL, and those of the volatile oil against C. albicans and M. oryzae were 84.3 μg/mL and 204.3 μg/mL, respectively. On the whole, the antibacterial activity of the oil was stronger than its antifungal activity. The maximum anti-bacterial effect of the volatile oil was observed against E. coli and P. lachrymans (the MIC values were all 25 μg/mL). 1, 5, 9, 4, 
Total 95.4 a RA indicates relative amount (peak area relative to the total peak area). b RI indicates the retention indices calculated against C 8 -C 40 n-alkanes on the HP-5MS column. Up to now, a few mycotoxins (i.e. diacetoxyscirpenol, T-2 toxin, HT-2 toxin, enniatin A1, enniatin B and enniatin B1), which are not volatile, have been isolated from F. tricinctum [22, 23] , but, to the best of our knowledge, this is the first report on the chemical composition and antimicrobial activity of the volatile oil obtained by hydrodistillation from F. tricinctum. In the previous study, we reported two volatile oils from the endophytic fungi Gliomastix murorum (isolate Ppf8) and Pichia guilliermondii (isolate Ppf9) of P. polyphylla var. yunnanensis for their antimicrobial activity. The antimicrobial activity of the volatile oil from F. tricinctum in this work had stronger inhibitory effects than that of either G. murorum or P. guilliermondii [14] .
Some endophytic fungi, such as Gliocladium sp. from Eucryphia cordifolia [8] , Muscodor roseus from Grevillea pteridifolia [9] , and Muscodor albus from Cinnamomum zeylanicum [10, 11] , were reported previously to produce volatile oils with antimicrobial activity. They have been investigated for the control of fungal decay of apples and peaches, seedling diseases of sugar beet, and verticillium wilt of eggplant [12, 13] . The volatile oil of the endophytic fungus F. tricinctum also showed strong antimicrobial activity. These oils could have potential applications as antimicrobials in agricultural practice, fruit and vegetable preservation, and the food industry [24] . The underlying antimicrobial mechanisms of the volatile oil from F. tricinctum need to be further studied and clarified. In addition, the endophytic fungus F. tricinctum should be more fully studied for its ecological and biological roles associated with its volatile oil in nature.
Experimental
Endophytic fungus and culture conditions: Endophytic fungi were obtained from surface-sterilized fresh rhizomes of an apparently healthy Paris polyphylla var. yunnanensis (Franch.) Hand.-Mazz. collected in June 2008 in Kunming, China, according to the method described before [19] . Of them, one aroma isolate, Ppf30, was selected for study of its volatile components and antimicrobial activity. It was identified as Fusarium tricinctum (Corda) Sacc. through its morphological characteristics [25] , with additional confirmation from internal transcribed spacer (ITS) rRNA gene sequence analysis, which gave a 100% sequence (Ppf30) similarity to Fusarium tricinctum (AB470818). It has been deposited in GenBank (http://www.ncbi.nlm.nih.gov) with the accession number GU586834. A living culture of F. tricinctum has been deposited on PDA slants at 4°C and in 40% glycerol at -70°C in the Herbarium of the College of Agronomy and Biotechnology, China Agricultural University.
Preparation of the volatile oil:
F. tricinctumi was grown on PDA medium in Petri dishes at 25°C for 3 days. Then, 2 to 3 plugs of culture agar medium, plus the mycelium adhered, were inoculated into 500 mL Erlenmeyer flasks containing 250 mL liquid potato dextrose (PD) medium (potato 200 g/L, dextrose 20 g/L), and incubated at 25°C under agitation (150 rpm) for 10 days. Afterwards, the culture filtrate was separated from the mycelia by filtration in vacuo to obtain 142.4 g mycelia. Afterwards, the mycelia were broken into pieces, ground and subjected to hydro-distillation in a Clevenger-type apparatus at 100°C for 4 h. The distilled volatile oil was extracted with diethyl ether, and then dried over anhydrous sodium sulfate and preserved in sealed dark glass vials at 4°C until required.
Oil analysis:
The composition of the oil of F. tricinctum was determined by the use of analytical GC (FID) and GC/MS techniques under the experimental condition as reported earlier [26] . The components were identified by comparison of their mass spectra with NIST 2002 library data of the GC-MS system, as well as by comparison of their retention indices (RI) with the relevant data in the literature [8, 10, 14] . The relative amount (RA) of each individual component of the volatile oil was expressed as the percentage of the peak area relative to the total peak area. The RI of the components were determined relative to the retention times (RT) of a series of n-alkanes [C 8 -C 40 Volatile oil from endophytic Fusairum tricinctum Natural Product Communications Vol. 6 (11) 2011 1761 (Sigma)] with linear interpolation on the HP-5MS column according to the Van den Dool approach [27] . bacteria were selected and assayed. They were grown in liquid LB medium (yeast extract 5 g/L, peptone 10 g/L, NaCl 5 g/L, pH 7.0) overnight at 28°C, and the diluted bacterial suspension (10 6 cfu/mL) was ready for use. A modified broth dilution-colorimetric assay using the chromogenic reagent 3-(4,5-dimethylthiazol-2-yl)-2, 5diphenyl terazolium bromide (MTT) was used to detect the antibacterial activity of the volatile oil [28] . Briefly, the volatile oil was dissolved in acetone at an initial concentration of 50 mg/mL. Then it was diluted with 30% acetone to obtain concentrations ranging from 10 to 1000 μg/mL. Test sample solution (10 µL) and prepared bacterial suspension (90 μL) containing 110 6 cfu/mL were added into each well of the 96-well plate. The negative control well contained 90 µL of the inoculum (1×10 6 cfu/mL) and 10 µL of 30% acetone. Streptomycin sulfate (Serva) was used as the positive control. After the plates were agitated to mix the contents of the wells using a plate shaker and incubated in the dark for 24 h at 28°C, 10 µL of MTT (5 mg/mL in 0.2 mol/L, pH 7.2 phosphatebuffered saline, Amresco) was added to each well, and the plates were incubated for another 4 h. The minimum inhibitory concentration (MIC) value was defined as the lowest sample concentration that inhibited visible growth, as indicated by the MTT staining. Only living microorganisms can convert MTT to formazan and a blue color appears in the well [29] . To confirm the MIC, 10 µL of suspension liquid was removed from each well and inoculated on LB medium. After aerobic incubation at 28C overnight, the number of surviving organisms was determined.
Antibacterial activity assay:
To further determine the IC 50 value of the oil, the above microplates incubated with MTT were centrifuged at 1500 g for another 20 min. After the supernatant was aspirated, 200 µL of dimethyl sulfoxide (DMSO) was added into each well, and the colored formazan products were extracted for 30 min by using a plate shaker. After complete extraction, the plate was centrifuged at 1500 g for another 20 min, and then 100 µL of the supernatant (DMSO solution) in each well was transferred to a corresponding well of another 96-well microplate to measure their light absorption values at a wavelength of 510 nm using a microplate spectrophotometer (PowerWave HT, BioTek Instruments, USA). The percentage (%) of the bacterial growth inhibition was determined as [(A c -A t )/A c ) ×100, where A c was an average of 6 replicates of light absorption at a wavelength of 510 nm for the negative controls, and A t was an average of 6 replicates of light absorption at a wavelength of 510 nm for the samples. The median inhibitory concentration (IC 50 ) was calculated using the linear relation between the inhibitory probability and concentration logarithm according to methods outlined by Finney [30] .
Antifungal activity assay:
A broth dilution-colorimetric assay on Candida albicans and a spore germination inhibition assay on Magnaporthe oryzae were employed to investigate the antifungal activity of the volatile oil. C. albicans ATCC 10321 was grown in liquid potato dextrose (PD) medium overnight at 28°C, and the diluted C. albicans suspension (10 6 cfu/mL) was ready for use. Other procedures were the same as those for the antibacterial assay described above, except that amphotericin B (Amresco) was the positive control and PD medium was used instead of LB medium.
Rice blast fungus, Magnaporthe oryzae (strain P131), was kindly provided by Prof. Youliang Peng of the Department of Plant Pathology, China Agricultural University. It was maintained on oatmeal-tomato agar (oatmeal 30 g/L, tomato juice 150 mL/L, and agar 20 g/L) at 25°C. The spores were prepared from 7-day-old cultures of M. oryzae, according to the method of Peng and Shishiyama [31] . The oil-acetone solution (25 µL) was mixed with an equivalent volume of spore suspension containing 210 6 spores per mL. The mixture was then placed on separate concave glass slides. The final concentrations of the volatile oil ranged from 50 to 400 μg/mL containing 5% (v/v) acetone. The negative control was 5% acetone, and the positive control was carbendazim (Sigma-Aldrich), at concentrations ranging from 10 to 250 μg/mL. Three replicates were used for each treatment. Slides containing the spores were incubated in a moist chamber at 25ºC for 7 h. Each slide was then observed under the microscope for spore germination status. About 100 spores per replicate were observed to detect spore germination, according to the method outlined by Fiori et al. [32] . The percentage (%) of spore germination inhibition was determined as [(G c -G t )/G c ] ×100, where G c is an average of 3 replicates of germinated spore number in the negative control, and G t is an average of 3 replicates of germinated numbers in the treated sets. Mean measurements were calculated from 3 replicates. The IC 50 calculation for the spore germination inhibition was the same as that for antibacterial activity.
